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Tltl* p,F ttir WTltjQTI 

Fuel Cell Assembly and Electricity Generation Unit 

used in same 

Elald the Imieniinn 

This invention relates to a fuel cell assembly of • 
the type in which electricity generation/combustion means 
is disposed in an electricity generation/combustion . 
chamber defined within a housing, electricity generation 
and combustion are performed by supplying a fuel gas and 
an oxygen-containing gas to the electricity 
generation/combustion means, and a combustion gas is 
discharged from the electricity generation/combustion 
chamber; and an electricity generation unit which can.be 
used in euch a fuel cell assembly. 

ft- ^T-ipt.i ^n «•>* fchfi art 

In recent years, various types of fuel cell power 
systems, such as polymer electrolyte fuel cells, 
phosphoric acid fuel cells, molten carbonate fuel cells, 
and solid electrolyte fuel cells, have hP.<m proposer! as 
next-generation energy sources. The solid electrolyte 
fuel cell power systems, in particular, operate at a high 
temperature of 1,UUU°C, but have advantages, such as a 
high electrical efficiency and availability of waste heat. 
Thus, their research and deve.l opment a r p. underway, 

As disclosed in Japanese Patent Application Laid- 
Open Ho. 2000-149976, a typical example of the fuel cell 
power system has a fuel cell assembly of the type having 
an electricity generation/combustion chamber defined 
within a nousing, and electricity gRnP.ration/cninhustion 
means, including a cell stack, disposed within the 
electricity generation/ combustion chamber. An oxygen- 
containing gas supply passage for supplying an oxygen- 
containing gas, a fuel gas supply passage for supplying a 
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fuel gas, and a combustion gas discharge .passage for 
discharging a combustion gas from the electricity 
generation/combustion chamber are annexed to the 
electricity generation/combustion chamber* Heat exchang* 
5 means is also disposed in the fuel ecll. assembly. The 
oxygen-containing gas supply passage and the combustion 
gas discharge passage both extend through the heat 
exchange means. When the oxygon-containing gas and the 
combusLiun qas are flowed through thft heat exchange means, 
10 heat exchange ie carried out between these gases, whereby 
the oxygen-containing gas is preheated- The fuel gas is 
obtained by reforming a qas to be reformed (hereinafter 
reterred to as an unreformcd gas), such as city gas, into 
a hydxogen-rich gas. Reforming of the urireformed gas is 
15 advantageously performed by flowing the uniformed gas 
through a retorming case containing a required catalyst. 

The conventional fuel cell assembly/ however, has 
the following problems to be solved: 

First:, the heat exchange mpans is disposed utterly 
20 separately from the electricity genera Liuu/combustion 
chamber- Owing to this disposition, the acccmbly ie 
considerably bulky. Moreover, heat dissipated into the 
atmosphere through the. wall surface of the housinq 
defining the electricity generation/combustion chamber is 
25 considerably great. Thus, utilization of waste heat is 
not sufficient. 

Secondly, each of sinqle cells or unit cells 
(hereinafter referred to simply as cells) in the cell 
stack disposed in the electricity generation/combustion 
30 chamber is gradually deteriorated as electricity 

generation proceeds. Hence , after electricity generation 
is performed for a predetermined period o± tame., the cell 
stack needs to be replaced by a new one. Also, the 
reforming action of the catalyst accommodated in the 
35 reforming case needs to be performed at a high, temperature 
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Thus, the reforming ca6e, like the ceil stack, is also 
desired to be disposed within the electricity 
generation/combustion chamber. However, th* caT.a]yfit. 
accommodated in the reforming case is also gradually 

5 deteriorated in accordance with the performance of the 
reforming action, and thus should be replaced with a new 
one after a predetermined period of electricity generation* 
in the conventional fuel cell assembly, however, 
consideration is rarely given to work for replacement of 

10 the cell stack disposed in the electricity 

generation/combustion chamber, nr to work for replacement 
of the catalyst accommodated in the reforming case. These 
types of work are markedly complicated. 

Thirdly, the oxygen-containing gas is discharged 

15 through a discharge port formed at the front end of a pipe 
P.vtending in the direction of extension of the cells,, and 
is thus discharged in the direction cf extension of the 
cells and supplied to each of the colls- Thus, the supply 
of the oxygen-containing gas -co each of the cells is not 

20 necessarily effective- Furthermore, pipes disposed within 
the electricity genera ti cm /combust ion chamber are required 
to have sufficient heat resistance, and thus need to be 
formed from a material with excellent heat resistance, 
such as ceramic. Disposing a plurality ot such pipes 

25 increases the cost of production considerably. 

Summary ai th& Tnv^n imi 

A first object of the present invention is to 
provide a novel and improved fuel cell assembly which can 
30 be constructed in a relatively compact configuration, 
which can effectively suppress direct heat dissipation 
from an electricity genera liun/ combustion chamber into the 
atmosphere, and which can utilise waste heat with high 
efficiency. 

35 a second object of the present invention is to make 



it possible to conduct, in a simplified manner, work for 
replacing a cell stack disponed within an electricity 
generation/conation chsmb«r nt a fuel cell assembly, and 
work for replacing a catalyst within a reforming case 

5 similarly disposed within the electricity 
generation/combustion chamber. 

A third object of the present invention is to 
provide a novel and improved fuel coll assembly which can 
supply an oxygen-containing gas or a fuel gas to each of 

10 colic efficiently, effectively, and whose configuration 

concerns with the supply of an oxygen-containing gas or a 
fuel gas is inexpensive compared with conventional 

technologies . 

Other objects ot the present invention will become 
IB apparent from descriptions offered below, which illustrate, 
in detail, the preferred embodiments of the. fuel cell 
assembly constructed in accordance with the present 
invention, with reference to the accompanying drawings. 
According to the present invention, the. ahove- 
20 mentioned first object is attained by. disposing a heat 

exchanger, which has a first channel and a second channel, 
uu at least one surface of a housing, discharging a 
combustion gacfrom an electricity generation/combustion 
chamber through the first channel of the heat exchanger, 
25 and aupplying one of an oxygen-containing gas and a luel 
gas to the electricity generation/combustion chamber 
LluuugU the second channel of the heat exchanger. 

That is, according to the present invention, there 
is provided a fuel cell assembly, as that for attaining 
30 the first object, which has a housing defining an 

R lectricity generation/combustion chamber, and electricity 
generation/combustion means disposed within the housing, 
and in which a fuel gaa and an oxygen-containing gas are 
supplied to the electricity gyration/combustion means, 
35 and a combustion gas formed within the electricity 
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generation/combustion chamber is discharged Iruui the 
electricity generation^ combustion chamber , 

wherein a heat exchanger having a first channel and 
a second. channel is disposed on at least one surface of 
S the housing , the combustion gas ie discharged from the 
inside of the electricity generation/combustion chamber 
through the first channel of the heat exchanger, and one 
of the oxygen-containing gas and the fuel gas is supplied 
tu the electricity generation/combustion means through the 

10 second channel of the heat exchanger. 

According to the present invention, moreover, the 
aforementioned second object is attained by constituting 
an electricity generation unit from a fuel gac case, which 
defines a fuel gas chamber fed with a reformed fuel gas 

15 from a reforming case, along with a cell stack and the 
reforming case. 

That is, according to the pxeseut invention, the 
second object is . attained by an electricity generation 
unit which comprises a fuel gas case defining a tuel gas 

20 chamber, a cell ctack composed of a plurality of cells 

arranged on one snrfare nf the fuel gas case, a reforming 
case, an unref oxmed gas . supply pipe connected to the 
reforming case, and a fuel gas feed pipe connecting the 
reforming case and the fuel gas case, and wherein a fuel 

25 gas within the fuel gas case is supplied to the cells. 

According to the present invention, as a fuel cell 
assembly for attaining the secund object, there is 
provided a fuel cell assembly comprising a housing 
delininq an electricity generation/combustion chamber, and 

30 a plurality of electricity generation units arranged in 
parallel within tha el p.ntricity generation/combustion 
chamber, and wherein each of the electricity generation 
units comprises a fuel gac case defining a fuel gas 
chamber, a cell stack composed ot a plurality of cells 

35 arranged on one surface of the fuel gas case, a reforming 
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case, an unreformed gas supply pipe connected to the 
reforming case, and a fuel gas feed pipe connecting the 
reforming case and the fuel gas rase, and a fuel gas 
within the fuel gas case is supplied to the cells. 
5 Furthermore, according to the present invention, 

the aforementioned third object is attained by disposing a 
gas case of a unigue shape having a hollow-shaped manifold 
portion, and a plurality of hollow-shaped ejection 
portions protruding from one-side flat surface of the 
10 manifold portion substantially perpendicularly to the one- 
side flat surfac*. 

That is, according La Lhe present invention, there 
is provided a fuel cell assembly, as that for attaining 
the third object, which has a housing defining an 
15 electricity generation/combustion chamber, and electricity 
generation/combustion m*ans disposed within the housing, 
and in which the electricity generation/combustion means 
includes a plurality of cell stacks, a fuel gas and an 
oxygen-containing gas are supplied to the electricity 
20 generation/ combustion means, and a combustion gas formed 
within the ft! p.ct.r.i n.it.y generation/combustion chamber is 
discharged from the electricity generation/combustion 
chamber, 

wherein a first gas case . supplied with one otthe 
25 oxygen-containing gas and the fuel gas is disposed within 
the housing, the first, gas case has a hollow-shaped 
manifold portion, and a pluraliLy of hollow-shaped 
ejection portions protruding from one-eide flat surface of 
the manifold portion substantially perpendicularly to the 
30 one- side flat' surface, the ejection portions are arranged 
with sparing in a first direction on the one-side flat 
surface, an ejection hole is formed in at least one 
surface of each of the ejection portions, and each of the 
cell stacks is placed between the adjacent ejection 
35 portions. 



Preferably, the first channel and the second 
channel in the heat exchanger are superposed in the 
thickness direction of th« surtace, and the first channel 
and the second channel are uppused channels extending 
zigzag. It is preferred that the housing has opposite 
flat Bide surfaces extending substantially vRrtinaJly, and 
the heat exchanger is flat plate-shaped and is disposed ou 
each of the opposite side surfaces. Preferably, there are 
disposed a lower gas chamber located in a lower end 
portion of the housing, an upper gas chamber located in an 
upper P.nri portion of the housing, and a communication gas 
chamber extending in an up-and-down direction within the 
housing to bring the upper gac chamber and the lower gas 
chamber into communication; the second channel has an 
inflow port disposed at the lower end of the heat 
eyehangp.r, and an outflow port disposed at the upper end 
of the heat exchanger and leading to the upper qas 
chamber? and one of the oxygen-containing gas and the fuel 
gas is flowed into the second channel through the inflow 
port, and is supplied from the second channel to the 
pi pr.tr ic.it.y gpn prat ion/combust ion means through the upper 
gas chamber, the communieaLiuu gas chamber, and the lower 
gas chamber- It is preferred that reforming means is 
disposed within the electricity generation/combustion 
chamber, the fuel gas is supplied to the electricity 
generation/combustion means through the reforming means, 
and the oxygen-con Lainiiiy gay is supplied to the 
electricity generation/combustion chamber through the 
second channel, corrugate fins may be provided in the 
first channel and the second channel. 

Tn a prpfp.rred embodiment, the oxygen-containing 
gas is supplied through Lhe second channel of the heat 
exchanger. It is preferred that the plurality of cells 
are disposed upright on the upper surtace ot the fiml gas 
case, and the reforming case is placed above the cell 
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stack- Preferably/ in each of the electricity qeneration 
units , the fuel gas case iG in a slenderly extending 
rectangular parallelopipedal shape, and the cells are 
arranged in line in the longitudinal direction of the fuel 
5 gas case- In each of the electricity generation unite, it 
is preferred that the reforming case slenderly extends 
along the fuel gas case above the cell stack, the 
unretormed gas supply pipe is connected to one end portion 
ul Lhe refuntinq case, and the fuel gas feed pipe connects 
10 the reforming case and the fuel gac cacc at the other end 
portion ot the reforming easft. 

In a preferred embodiment, the manifold porLiou its 
placed substantially horizontally, with the one-side flat 
surface being directed upwards- preferably, the ejection 
15 hole is in the form of a clit parallel to the one-side 
flat surface and extending in a sfcconri direction 
perpendicular to the first direction. It is preferred 
that a plurality of second gas cases of a hollow 
rectangular parallelopipedal shape placed on the one-side 
20 flat surface of the manifold portion between the adjacent 
ejection portions ot the first, gas nase.and extending in 
the second direction are disposed within the housing; the 
other of the oxygen-containing gas and the fuel gas is 
supplied to the second gas cases; and each of the cell 
25 stacks is placed oh each of the second gas caocc. 

in other embodiments , there* are. prnv.iripd an upper 
gas chamber disposed in an upper portion of Lhe housing, 
and a plurality of gas introduction members hanging down 
fxoiu Lljti uppei qas chamber, and one of the oxygen- 
30 containing gas and the fuel gac is supplied through the 
upper gas chamber and the gas intrndnrrtjon members. 
Advantageously, the electricity generatioii/coiubusiiun 
means includes a plurality of cell stacks each composed of 
a plurality of cells, the cell stacks are arranged in 
35 parallel with spacing in the horizontal direction, and the 



gas introduction members die pipes hanging down between 
the cell stacks and having lower ende open. 



5 PIG. 1 is a sectional view showing the preferred 

embodiment of a fuel cell assembly constructed in 
accordance with the present invention; 

PIG. 2 is a partial perspective view showing a 
first qas case in the fuel cell assembly of FIG. 1? 
10 FIG. 3 is a partly abridged perspective view 

showing the ±uel cell assembly of PIG. 1; 

PIG. 4 is a partly broken away perspective view 
shoving a heat exchanger and a double tubular body in the 
fuel cell assembly of FIG. 1; 
.15 FIG- 5 is a schematic view showing a first channel 

formed in the heat exchanger and a combustion gas 
discharge passage formed in the double tubular body in the 
fuel cell assembly of FIG. lj- 

FIG. 6 is a schematic view showing a second channel 
20 formed in the heat exchanger and a gas inflow passage 
formed in the double tubular body in the fuel cell . 

assembly of PIG- 1; 

PIG. 7 is a perspective view showing an electricity 
generation unit used in the fuel cell assembly of FIG. 1; 
25 FIG. 8 is a sectional view showing a cell stack in 

the electricity generation nnit. of PIG. 7; and 

FIG. 9 is a sectional view alio wing a modified 
embodiment of a fuel cell assembly constructed in 
accordance with Uie present invention. 

30 

petailed-D.&s.cr.iD t , ion nt thp Prpfprrpri Embodiments 

Preferred embodiments of a fuel cell assembly 
constructed in accordance with the prcocnt invention will 
now be described in further detail with reference to the 
35 accompanying drawings. 
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With reference to FIG. 1, the illustrated fuel cell 
assembly has a housing 2 which may be in a nearly 
rectangular parallelopipedal shape. Hear Inflation walls 
formed from a suitable heat insulating material, i.e., au 
upper heat insulation wall 4, a lower heat insulation wall 
6, a right heat insulation wall 8, a left heat insulation 
wall 10, a front heat insulation wall (not shown), and a 
rfiar heat insulation wall (not shown), are disposed on the 
six wall surfaces of the housing 2. An electricity 
generation/combustion chamber 12 is defined in the housing 
2 The front heat insulation wall and/or the rear heat 
insulation wall are or is mounted detachably or openably 
and closably. By removing or opening the front heat 
insulation wall and/or the rear heat insulation wall, the 
interior of the electricity generation/combustion chamber 
12 can be accessed. If desired, au outer wall which may 
be mode of a metal plate can be disposed on Llie outer 
surface Of each of the heat insulation walls. 

with reference to FIG. 2 along with FAG. 1, a first 
gas case indicated entirely at a numeral 14 is disposed 
within the housing 2. In the illustrated embodiment, the 
first gas case 14 constitutes oxygen-containing gas supply 
means. The first gas case 14 has a manifold portion 16 
located in a lower end portion of the interior of the 
housing 2, and a pair of communication portions IB 
extending upwardly trom both side surfar.es (right and left 
opposite side surfaces in FIG. 1) of the manifold portion 
16. The manifold portion IS is in a hollow flat plate 
form, and is placed substantially horizontally. A lower 
gas chamber 20 is defined within the manifold portion 16. 
Each of the communication portions 1R is in the form of a 
hollow flat plate extending substantially vertically 
upwardly from each of the opposite side surfaces of the 
manifold portion 16. A communication gas chamber 22 is 
defined within each of the communication portions 18, and 



a lower end portion of the communication gas chamber 22 is 
brought into direct communication with the side surface of 
Lhe lower gas chamber 20. The first gas case 14 lurcher 
includes a plurality of (5 in the illustrated embodiment) 
ejection portions 26a, ?fih, 26c, 26d and 26© disposed on 
one surface, namely, the upper surface, of the manifold 
portion 16. The ejection portions 26a, 26b, 26c, 26d and 
26e are arranged at equal intervals in the right-and-left 
direction (i.e., a firsi direction) in FIG. 1. Each of 
the ejection portions 26a, 26b, 26c, 26d and 26e ie in the 
shape of a hollow. thin plate extending substantially 
vertically upwardly from the upper surface of the manifold 
portion Jh and, in the fore-and-aft direction (i.e., a 
second direction, a direction perpendicular to the sheet 
face of FIG. 1), each of the ejection portions extends 
over the entire length ot the manifold portion 16. 
Ejection chambers 2Ba f 20b, 2Gc, 28d and 28e having lower 
enri snrtar.p.s in communication with the lower gas chamber 
20 are defined within Llits ejection portions 26a, 26b, 26c, 
26d and 26e, respectively. Ejection holes 30a and 30c 
(FIG. 2) are formed .in an upper portion ot the inner 
surface (i.e. right surface in FIG, 1) of the ejection 
portion Vfca and in an upper portion of the inner surface 
(i.e. left suxlace in FIG. 1) of the ejection portion 26e, 
On the other hand, ejection holes 30b, 30c and 30d (FIG. 
2) are formed in upper portions of thp opposite surfaces 
of the ejection portions 2Gb, 2Gc and 2 6d, x-espec Lively - 
Kach of the ejection holes 30a, 30b, 30e, 30d arid 30e is 
preferably in the form of a slit extendinq slenderly in 
the direction perpendicular to the sheet face of FIG. 1. 
The first gas case 14 having the manitold portion 16, the 
communication portions 10 and the ejection portions 26a p 
26b, 26c, 26d and 2 6e can be advantageously formed by 
bomlxug d pluialiLy of members, which are formed from a 
heat resistant ceramic or metal, with a suitable adhesive 
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such as a ceramic-based adhesive with excellent heat 
resistance. 

with reference to FIG. 3 along with ftg. I , an 
upper gas case 32 in the shape of a hollow flat plate is 
5 disposed in an upper end portion of the interior of the 
housing 2, and an upper gas chamber 34 is detined within 
the upper gas case 32. As clearly shown in FIG. 3 r three 
communication tubes 36 are annexed, with spacing in the 
fure-diid-alt direct ion , to the upper surface of the 

10 communication portion 18 of the firct gac caoo 14. The 
communication gas chamber 22 is brought into nommunication 
with the upper gas chamber 34 via these communication 
tubes 36. Thus, the upper gas chamber 34 is in 
communication with the ejection chambers 28a, 28b, 2BC, 

15 28d and 28e via the communication tubes 36, the 

communication gas chambers and the lower gas chamber 
20. 

In the fuel cell assembly constructed in accordance 
with the present invention, it is important that a plate- 

20 shaped heat exchanger be disponed on at least one surface 
of the housing 2. In the .mnstratp.d embodiment, a heat 
exchanger 30/ entirely flat plate-shaped, ia diaputsed on 
the inner side of each of the substantially vertically 
extending heat insulation walls on both sides of the 

25 housing 2, i.e., right heat insulation wall 8 and left 
heat insulation wall 10. Jk heat insulation member 42 is c 
disposed between the heat exchanger 38 and Lhti 
communication gas chamber 22. A heat insulation member 43 
is disposed on the inner surface of the communication 

30 portion 18 of the first gas case 14 that defines the 
communication gas chamber 22. 

With reference to FIG. 4 along wilh FIG. 1, each of 
the heat exchangers 3 8 includes a cacc 44 of a hollow flat 
plate shape extending substantially vertically* This case 

35 44 has an inner cidc wall 46, an outer side wall 40, a 
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bottom wall 50 p dii upper wall 52, a front wall 54, and a 
rear wall 56* A partition plate 56 is disposed in the 
middle in the thickness direction (right-and-left 
direction in FIG. 1) ul ihe case 44 , whereby the interior 
5 of the case 44 is divided into two channels superposed in 
the thickness direction, namely, a first channel 60 
located inwardly, and a second channel 62 located 
outwardly. With reference to FIG. 5 along with FIG. 4, 
five partition walls 64a, 64b, 64c, 64d and 64e extending 

10 substantially horizontally arc disposed with ©pacing in 
the up-and-down direction in the first channel 60. The 
rear edges of the partition walls 64a , 64c and 64e are 
connected to the roar wall 56 of the case 44, while the 
front edges of the partition walls 64a, 64c and 64a are 

15 located rcarwardly of and away from the front wall 54 of 
the case 44. On the other hand, the front edges of the 
partition walls 64b and 64d are connected to the front 
wall 54 of the case 44, while the rear edges of the 
partition walls 64b and 64d are located torwardly of and 

20 away from the rear wall 56 of the case 44. Thus, the 

first channel fiO pxt.ends 2ig2ag as shown by arrows in FIG-. 
5- As will be undersLuod by reference to FIG. 6, together 
with FIG- 4, five partition walls 66a, 66b, 66c, 66d and 
6 6e extending substantially horizontally are similarly 

25 disposed with spacing in the up-and-down direction in the 
second channel 62- The rear edges of the partition walls 
GGa, 66c and 66e are connected to the rear wall 56 of the 
case 44, while the front edges of the partition walls 66a, 
66c and 66e are located rearwardly of and away from the 

30 front wall 54 of the case 44. On the other hand, the 
front edges of the partition walls 66b and 66d are 
connected to the IxunL wall 54 of the case 44, while the 
rear edges of the partition walla 66b and 66d are located 
forwardly of and away from the rear wall 56 of the case 44. 

35 Thus, the second channel C2 also extends zigzag as sliuwn 
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by arrows in FIG, 6. 

As shown clearly in PIG. 5, an inflow opening 68 is 
formed in an npjmr end portion ot the inner side wall 46 
of the case 44 , and Hie first channel 60 communicates with 
5 the electricity generation/combustion chamber 12 via the 
inflow opening 68. in further detail, as wi].l he 
understood by reference to FIG. 1, the upper end of the 
heat insulation member 42 disposed between the heat 
exchanger 36 and the communication gas chamber 22, and the 

10 upper end of the boat insulation member 44 disposed on the 
inner sides of the communication gas chamber 22 are located 
at substantially the some heiqht as, or somewhat below, 
the lower edge of the inflow opening 68, so that the 
inflow opening 68 is brought into communication with th* 

15 electricity generation/combustion chamber 12 through the 
spaces between t.hp three communication tubes 36 disposed 
at the upper end of the communication qas chamber 22. AS 
shown in FIG- 6, on the other hand, an outflow opening 70 
is formed in an outer side portion of the upper wa3J 52 of 

20 the case 44 and, in correspondence with the outflow 

opening 70, an npp.ni.ng (not shown) is formed in the lower 
'surface wall of Lhe upptu gas chamber 34, Thus, the 
second channel 62 is brought into communication with the 
upper gas chamber 34 via the outflow opening 70- 

25 With reference to FIGS. 4 to 6, a double tubular 

body 72 extending slenderly in the up-and-down direction 
is disposed behind the heaL exchanger 38. The double 
tubular body 72 includes an inner tubular member 74 of a 
cylindrical shape and an outer tubular member 76 in the 

30 chape of a cguarc tube. A gas inflow passage 70 is 

defined within t.hp. inner tubular member 74, and a fuel gas 
discharge passage 80 is defined between the inner tubular 
member 74 and the outer tubular member 76. As clearly 
shown in fig. 6, the lower end (downstream end) of the gas 

35 inflow passage 78 is in communication with the second 



- 15 - 

channel 62 formed in the heat exchanger 38, as clearly 
ehown in PIG. 5, on the other hand, the lower end 
(npsr.rfiam end) of the ±uel gas discharge passage 80 is in 
communication with the first channel 60 formed in "Che heat 
5 exchanger 36. 

four electricity generation units R?.a, 82b, R7.c and 
02d are placed on one surface, i.e. upper surface, of the 
manifold portion 16 in the aforementioned first gas case 
14. The electricity generation units 82a, 82b, 82c and 

10 8 2d are located, rccpoctivcly , between the ejection 

portions 26a, 26h, 26c, 26d and 26e of the first gas case 
14. With reference Lo FIG. 7 alonq with FIGS. 1 and 3, 
the electricity generation unit 82a is furnished with a 
second gas case 84a of a rectangular parallelopipedal 

15 chape extending slenderly in the fore-and-aft direction 

(direction perpend i mil ar to the sheet face of FIG. 1). In 
the illustrate embodiment, the second qas case 84a 
constitutes fuel gas supply means, h cell stack 88a is 
mounted on the upper surface of the second gas case B4a 

20 defining a gas chamber 86a. The cell stack 00a is 

constituted by arranging a plurality of upright cells 90, 
which extend slenderly in Llits up-and-down direction, in 
line in the longitudinal direction (i.e. fore-and-aft 
direction) of the second gas case 84a. as clearly shown 

25 in FIG. 8, each of the cells 90 is composed of an 

electrode substrata 9?, a fuel electrode layer 94 which is 
an inner electrode layer, a sulid electrolyte layer 96, an 
oxygen electrode layer 98 which is an outer electrode 
layer, and an interconnector 100. 

30 The electrode substrate D2 ia a plate-shaped piece 

extending slenderly in the up-and-down direction, and has 
opposite flat surfaces and opposite semicircular side 
surfaces. A plurality of (four in the illustrated 
embodiment) fuel gas passages iU2 piercing vertically 

35 through the electrode substrate 92 are formed in the 
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electrode subs U tile 92. Each of the electrode substrates 
92 is bonded to the top of the upper wall of the Qecond 
gas case 84a using a ne.ranun adhesive with excellent heat 
resistance. A plurality of slits (not shown) , which 
5 extend in the right-and-left direction with spacing in the 
direction perpendicular to the sheet face of fig. ] , are 
formed in the upper wall of the second gas case 84 a. The 
gas passages 102 formed in each of the electrode 
substrates 92 are brought into communication with each of 

10 the slitB, accordingly, with the gas chamber 86a. 

The interconnector 100 is disposed on one surface 
of the electrode substrate 92 (upper surface of the cell 
stack SBa in PIG, 6 ) . The fuel electrode layer 94 io 
disposed on the other surface (lower surface of the cell 

15 stack 68a in PIG* 8) and oppooitc side surfaces of the 
electrode substrate 92. The opposite ends of the fuel 
electrode layer 94 are bonded to the opposiLe ends of the 
interconnector 100. The 6olid electrolyte layer 96 ic 
disposed so as to cover the whole of the fuel electrode 

20 layer 94, and the oppocitc ends of the solid electrolyte 
layer 9b are bonded to th* opposite ends of the 
interconnector 100. The oxygen electrode layer 98 is 
placed on a main portion of the solid electrolyte layer 96 , 
namely, on a portion covering the other surface of the 

25 electrode substrate 92, and ic located across the 
electrode substrate 92 from t.tm interconnector 100 . 

A current collecting member 104 is disposed between 
the adjacent cells 90 in the cell stack 88a to connect the 
inLex.cumitrclux 100 of one cell 90 with the oxygen 

3 0 electrode layer 98 of another cell 90. The current 

collecting members ]04 are also disposed on one surface of 
the cell 90 and on other surface of Lhe cell 90, the cells 
90 being located at the opposite endc of the cell stack 
88a, i.e. the upper end and the lower end in FIG. B. 

35 Electric power withdrawal means (not shown) are connected 
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to the current collecting members 10ft located at the 
oppoeito cndc of the cell stock 86a. Such electric power 
withdraw*. I means extend beyond the housing 2 through the 
front heat insula liun wall (not shown), the rear heat 
5 insulation wall (not shown) or the lower heat insulation 
wall 6 of the housing 2. It desired, instead ot disposing 
the electric power withdrawal means on each of the cell 
stacks 88a, 88b, 88c and 88d, the cell stacks 88a, 88b, 
88c and 88d may be connected together in series or in 

10 parallel by suitable connecting means, and a common 

electric power withdrawal means may be disposed for the 
four cell stacks 88a, 88b, 88c and 88d. 

Further details of tho cell 90 will be offered. The 
electrode substrate 92 is required to be gas permeable in 

15 order to allow a fuel gas to pass up to the fuel electrode 
layer 94, and is Also required to be electrically 
conductive in order to permit current collection via the 
. interconnector 100. The electrode substrate 92 can be 
formed from a porous conductive ceramic (or cermet) which 

20 satisfies those requirements. To produce the electrode 

substrate 92 by co-sintftring with the fuel electrode layer 
94 and/or the solid electrolyte lay ex 98, il is preferred 
to form the electrode substrate 92 from an iron family 
metal element and a specific rare earth element oxide. 

25 Preferably, its open porosity is 30% or higher, especially 
in tha rang* of 35 to 50%, to have required gas 
. permeability. Its conduuLivlty is 300 s/cm or more, 
especially 440 S/cm or more. The fuel electrode layer 94 
can be formed from a porous conductive ceramic, for 

30 example, Sr0 2 (called stabilised sirconia) containing a 

rare earth element in a solid solution, and Mi and/or NiO- 
The solid electrolyte layei 96 needs to have the function 
of an electrolyte for tranefcrring electrons between the 
electrodes, and also have gas barrier properties for 

35 preventing leakage of a fuel gas and an oxygen-containing 
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gas. normally, Lhe solid electrolyte layer 96 is formed 
from ZrO a containing 3 to 15 mol% of a rare earth clement 
in a solid solution. The oxygen Rlant.rnrie layer 98 can be 
formed from a conductive ceramic comprising a pexovskite- 
5 type oxide of the AB0 3 type. The oxygen electrode layer 98 
is required to be gas permeable, and its open porosity is 
preferably 20% or more, particularly in the range of 30 to 
50%. The inter connector 100 can be formed from a 
conductive ceramic, and is further required to have* 

10 reduction resistance and oxidation resistance, because it 
contacts the tuel gas which may be a hydrogen gas, and the 
oxygen-containing gas which may be air. Thus, a lanthanum 
ehromite-baeed perovs kite-type oxide (LaCr0 3 -based oxide) 
is used preferably. The interconnector 100 has to be of 

15 densified nature in order to prevent leakage of the fuel 
gas passing through the fuel gas pafisages 102 formed in 
the electrode substrate 92 and the oxyy en-con Lainiiiq qas 
flowing outside of the electrode substrate 92, and ic 
desired to have relative density of 93% or higher, 

20 especially 95% or higher. The current collecting member 
104 can be constituted ot a member of a snifcahtft form 
formed from an elastic metal or alloy, or a member formed 
by applying a required surface treatment to felt 
cumpxising metal fibers or alloy fibers. 

25 With reference to PIGS. 1/3 and 7, the electricity 

generation unit B2a is also furnished with a reforming 
case 106a, advantageously, of a rectangular 
parailelnpipedal shape (or a cylindrical shape) oxtending 
slenderly in the foxe-and-aft direction above the cell 

30 stack 8Ba. One end, i.e. upper end, of a fuel gac feed 

pipe 108a is connected to the lower surface nf a front end 
portion of the reforming case 106a. The fuel gas feed 
pipe 108a extends downward, then curves and oxtendc 
rearward. The other end of tne fuel gas feed pipe lUHa is 

35 connected to the front surface of the second gas case B4a. 
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One end of an unreformed gas supply pipe 110a is connected 
to the rear surface of the reforming cacc 106a. . The 
unreformed gas? supply pip* noa extends substantially 
horizontally, and extends beyond the housing 2 ihruuqh the 
5 rear end (not shown) of the housing 2. The unreformed gas 
supply pipe 110a is connected to an unreformed gas suppjy 
source (not shown) , which may be a source of a hydrocarbon 
gas such as city gae . Thus , an unreformed gas is supplied 
to the reforming case loea via the unreformed gas supply 

10 pipe 110a. A suitable reforming catalyst for reforming 
the unreformed gas into a hydrogen-rich fuel gas is 
accommodated in the reforming case 106a. In the 
illustrated embodiment, the reforming case 106a ic 
connected to the second gas case 84a via the fuel gas teed 

15 pipe 108a, and ic thereby held in place* If required, a 
an i tab"! * support member 112a can be provided r for example, 
between the lower surface of the uiuefuxmed gas supply, 
pipe 110a and the upper surface of a rear end portion of 
the second gas case 84a or the rear surface of the second 

20 gae case 84a, 

The electricity generation unit. 82c is 
substantially the same as the aforementioned elecLricily 
generation unit 82a. The electricity generation unite B2b 
and 82d are the same as the electricity generation units 

25 82a and 82c r except that the electricity generation units 
B2b and 82d are arranged, with their fore-and-aft 
direction being opposite to the fore-and-aft direcLiun of 
the electricity generation units B2a and 82c j in the 
electricity generation units 82b and 82d, therefore, the 

3 0 fuel gas feed pipes (not shown) for connecting the 

reforming cases ]06b and lOfiri to the second gas cases 84b 
and 84d are arranged on the rear side, and Lhe unreformed 
gas supply pipes 110b and llOd extend from the front 
surfaces of the reforming cases 106b and lUbd through the 

35 front wall (not shown) of the housing 2- Each of the 
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electricity qeneratlon units 82a, 82b, H2c and B2d, as 
will be clearly understood by reference to FIGS. 1 and 3, 
is placed on on* surtace, i.e. the upper surface, of the 
manifold portion 16 between the ejection portions 2tia, 26b 
5 26c , 26d and 26© in the firct gas case 14, and is fixed in 
place by suitable tixing means (not shown) such as bolts. 

In the fuel cell assembly as described above, the 
unreforraed gae ie supplied to the reforming cases lOGa, 
106b, 106c and 106d via the unretormed gas supply pipes 

10 (two unreformod gas supply pipes 110b and llOd are shown 
in FIGl 3 f and one unreforroed gas supply pipe 110a ic 
shown in FIG. 7), and is reformed into a hydrogen-ricn 
fuel gae in the reforming cases 106a, 106b, 106c and 106d. 
Then, the reformed tuel gas is supplied to the fuel gas 

15 chambers 86a, 86b, 06c and BGd, which axe delined within 
the second gas cases 84a f 84b, 84c and 84d, through the 
fuel gas feed pipes (two fuel gas feed pipes 108a and 108c 
are shown in < FIG- 3), and is then supplied to the cell 
stacks 88a r 88b, 88c and H8d. On thft other hand, the 

20 oxygen-containing' gas, which may be air, is supplied to 

the second channal 62 of the heat exchanger 38 through the 
inflow passage 78 defined within the inner tubular member 
74 of the double tubular body 72, and is then supplied Lo 
the ejection chambers 2«a, 2Bb, 2Bn, ?8d and 28e through 

25 the upper gac chamber 34, the communication yas chambers 
22, and the lowar gas chamber 20. Then, the oxygen-' 
containing gas is ejeeLed toward the cell stacks 8»a, U8b, 
88c and 88d through the ejection holes 30a, 30b, 30c, 30d 
and 3 0e- Since the oxygen-containing gas is ejected 

30 toward the cell stacks 88a, 80b, 08c and 88d through the 
ejection hoJes 30a, 3Qh, 30c, 30d and 30e, it ie supplied 
to the cells 90 in Lhe cell stacks 88a, 88b r 88c and 8Bd 
sufficiently effectively. In each of the cell stacks 88a, 
68b, 88c and 88d, an electrode rp.arrtion indicated below 

35 1/20, + 2e w o'- (solid electrolyte) 
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is produced in the oxyyen electrode. In the fuel 
electrode, an electrode reaction indicated below 

0'" (solid electrolyte) + E 2 H y 0 + 2e' 
is produced. As a result, electricity is generated. The 
5 fuel gas and the oxygen-containing gas, which have flowed 
upward from the cell stacks 88a, 88b, 88c and 88d without 
being used for electricity generation, are ignited and 
burned, at the start of operation, by ignition means (not 
shown) disposed within the electricity 

10 generation/combustion chamber 12* As is well known, the 
interior ot the electricity generation /combustion chamber 
12 is exposed to high temperatures, for example, of the 
order of 1,000°C, because of electricity generation in the 
cell stacks 88a r 88b, 88c and 88d and combustion between 

15 the fuel gac and the oxygen-containing gas. The reforming 
cases 106a, 106b, 106c and lllfid are* disposed within the 
electricity generation/combustion chamber 12, and located 
directly above the cell stacks 88a, 88b, 88c and 88d, and 
are also heated direcrly by combustion flames. Thus, high 

20 temperatures produced within the electricity 

generation/combustion chamber 12 are effectively utilized 
for the reforming of the unreforroed gas. 

A combustion gas produced within the electricity 
generation/combustion chamber 12 flows into the first 

25 channel 60 through the inflow opening 68 formed in the 
heat exchanger 38, flows through the first channel fif) 
extending zigzag, and is then discharged through the 
discharge passage 80 defined between the outer tubular 
iiifcuubex 76 and Llie iniiei mbular member 74 of the double 

30 tubular body 72- When the combustion gac flowc through 
the discharge passage 80 an the double tubular body 72, 
the oxygen-containing gas flows through the inflow passage 
78 in the double tubular body 72, so that heat exchange 
takes place between the combustion gas and the oxygen- 

35 containing gac. When the combustion gas is flowed zigzag 
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through the first channel 60 at the heat exchanqer 38, the 
oxygen-containing gas is flowed zigzag through the ecoond 
channel 62 of the hear exchanger 38. Thus, ettective heat 
exchange takes place between the combustion gas and the 
5 oxygen-containing gas to preheat the oxygen-containing gas- 
The oxygen-containing gas is heated by high temperatures 
within the electricity generation/combustion, chamber 12 
even when passing through the upper gas chamber 34 r the 
communication qas chambers 22, and the lower gas chamber 
10 20. 

If some or all oi the ce.1.1 stacks Bfla, RRh, 88c and 
OOd are deteriorated by long-term electricity generation, 
the following measure may be taken* The front wall (not 
shown) or the rear wall (not shown) of the housing 2 is 

15 . removed or opened, and some or all of the electricity 
generation units B2a, H2b, 82c and B2d ar« taken out of 
the housing 2. Then, some or all of the electricity 
generation units 82a , 82b , 82c and 82d are replaced with 
uew ones, or only the cell stacks 88a, 88b, 88c and 88d in 

20 some or all of the electricity generation units 82a, 82b, 
82c and 82d are replaced with one onas, whereafter the new 
ones are mounted in place within the housing 2. II it is 
necessary to replace the reforming catalyst accommodated 
in the xeluiiuiiig cases 106a, 106b, 106c and 106d in some 

25' or all of the electricity generation unite 82a, 82b, 82c 
and 82d, the following measure may be takans Some or all 
of the electricity generation units 82a, 82b, 82c and 82d 
are taken out ot the housing 2, and the reforming cases 
106a, 106b, 106c and 106d in some or all of the 

30 electricity generation unite 82a, 82b, 82c and e2d are 
themselves replaced with new ones, or only the reforming 
catalyst within the reforming cases 106a, 106b, 106c and 
106d is replaced with a new one. To ensure cuf f icicntly 
easy replacement of the reforming catalyst within the 

35 reforming cases 106a, 106b, 106c and 106d, part of the 
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reforming cases 106a, 106b, 106c and 106d may be 
constructed as an openable and clocablc door/ if desired. 

in the illustrated embodiment, the oxygen- 
containing gas is supplied through Lhe txrst qas case 14, 
5 while the fuel gas is supplied through the second gac 
cases B4a, 84b, 84c and 84d. if desired, however, the 
fuel gac may be supplied through the first gas case 14, 
while the oxygen-containing gas may be supplied through 
the second gas eases 84a, 84b, 84c and 84d. in the 

10 illustrated embodiment, moreover, the manifold portion 16 
of the first gas case 14 is placed substantially 
horizontally, and the ejection portions 26a, 26b, 26c and 
26d are protruded substantially vertically from the upper 
surface of the manifold portion 16. if desired, however, 

15 the manifold portion 16 of the first gas case 14 can be 
disposed substantially vertically, and the ejection 
portions can be protruded substantially horizontally from 
a vertically extending surface of the so disposed manifold 
poniuu 16. in the illustrated embodiment /moreover, the 

20 slits extending in the second direction are formed as the 
ejection holes 3Ua, 30b, 30c and 30d in the ejection 
portions 26a, 26b, 26c and 2 6d of the first yas case 14. 
Instead of such slits, a plurality of holes, such as 
circular or elliptical holes, can be formed. 

25 FIG- 5 shows a modified embodiment of a fuel cell 

assembly constructed in accordance with t.he present 
invention. In the modified embodiment illusLraLed in FIG. 
4, a plurality of gas introduction members 114 hanging 
down from an upper gats case 32 are disposed instead of the 

30 first gas case 14 (FIGS. 1 and 2). Thccc gas introduction 
members 114 may be pipes which havp upper ends in 
communication with an upper gas chamber 34 defined within 
the upper gas case 32, and which have lower ends open. 
The qas introduction members 114 are disposed with spacing 

35 in the right-and-left direction in FIG- 9, and are also 
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disposed with suitable spacing ill a direction 
perpendicular to the sheet face of PIG. 9. Such gae 
introduction members 114 are arranged between cell stacks 
88a, 88b, 86c and BBd, and are also arranged to tilt; left 
5 of the cell stack 88a and to the right of the oell stack 
88d in FIG, 9, in such a modified embodiment, an oxygen- 
containing gas introduced into the upper gas chamber 34 
tlows downward through the gas introduction members 114, 
is then discharqed into an electricity 

10 generation/combustion chamber 12, and supplied to the cell 
stacks BBa, BBb, 8Bc and BBd. 

The preferred embodiments of the fuel cell assembly 
constructed in accordance with the present invention have 
been described in detail above with reference to the 

15 accompanying drawings- However, it chould be understood 
that the present invention is not limited to thp.se 
embodiments, and various modifications and corrections may 
be made without departing from the scope of the present 
invention • 



